To evaluate the validity of a novel fully automated three-dimensional (3D) method capable of segmenting the choroid from two different optical coherence tomography scanners: swept-source OCT (SS-OCT) and spectral-domain OCT (SD-OCT).
T he choroid provides oxygen and nourishment to the outer retinal layers and is crucial for metabolic activity in the retina. 1 Choroidal changes are associated with many eye diseases, such as age-related macular degeneration (AMD), 2 age-related choroidal atrophy, 3 central serous retinopathy, 4 and choroiditis. It has been also reported that choroidal thickness increases during childhood and decreases during adulthood. 5, 6 Accurately and automatically measuring choroidal thickness is therefore of great interest. Spectral-domain optical coherence tomography (SD-OCT) provides a cross-sectional, three-dimensional (3D), microscale depiction of ocular tissues 7 and clearly distinguishable retinal layers, as shown in Figure 1 . However, without the use of enhanced depth imaging or image enhancement techniques, visualization of the choroid, including choroid-sclera junction, remains challenging (see Fig. 1 ). Due to the high backscatter by the retinal pigment epithelium layer (RPE), the intensity contrast in the choroid region can be insufficient for applying straightforward image analysis algorithms.
Swept-source OCT (SS-OCT) allows increased scanning speed. 8 In many SS-OCT prototype systems, a longer central wavelength (1060 vs. 840 nm in SD-OCT) is adopted to allow deeper penetration through the RPE. Consequently, the choroid-sclera boundary has higher contrast in SS-OCT (see Fig. 2 ). We and others have previously developed fully automated 3D algorithms for segmenting choroid on standard clinically available SD-OCT scans. [9] [10] [11] [12] [13] [14] In our approach, choroidal thickness was estimated by defining the Euclidian distance between the enveloping surfaces of a choroidal vasculature segmentation (see Fig. 3 ).
The purpose of this study was to develop and evaluate the validity of a fully automated 3D method capable of segmenting Copyright 2015 The Association for Research in Vision and Ophthalmology, Inc. www.iovs.org j ISSN: 1552-5783 the choroid over the entire scan and quantifying choroidal thicknesses of the macula in both SS-OCT and SD-OCT image data of the same subjects, without a preceding vasculature segmentation step, so that choroidal thickness can be measured for each A-scan.
METHODS

Subject and Data Collection
The Rotterdam Study is a prospective population-based cohort study that investigates chronic diseases in the middle-aged and elderly. 15 Inhabitants of Ommoord, a suburb of Rotterdam, The Netherlands, were invited to participate in this study at three different times : 1989, 2000, and 2006 . This resulted in three cohorts: Rotterdam Study I (n ¼ 7983, aged 55 years and older), Rotterdam Study II (n ¼ 3011, aged 55 years and older), and Rotterdam Study III (n ¼ 3982, aged 45 years and older). Follow-up examinations took place every 2 to 4 years and are still ongoing.
For this study we included 108 randomly selected subjects from Rotterdam Study II (second follow-up round) and Rotterdam Study III (first follow-up round), who participated between April 3 and April 26, 2013. All participants underwent an extensive ophthalmologic examination including SS-OCT (Topcon Corp., Tokyo, Japan) and SD-OCT (Topcon Corp.) imaging. Subjects were imaged on one day, once using SD-OCT and twice using SS-OCT. Enhanced Depth Imaging (EDI) mode was not used. 16 In between scans, the head was lifted from the chin rest and subjects were asked to relax for no more than 15 minutes. Each volume scan was 512 (width of B-scan) 3 128 (number of B-scans) 3 885 (height of B-scan) voxels, corresponding to physical dimensions of approximately 6.0 3 6.0 3 2.3 mm 3 ; the voxel size was 11.72 3 46.88 3 2.60 lm 3 . The mean age of the 108 subjects was 61.4 (6SD of 5.2; range, 52-78 years), with 45 male and 63 female subjects (41.7% and 58.3%, respectively). Over 92% of the participants were of European descent. Best corrected visual acuity (BCVA) was measured using the Lighthouse Distance Visual Acuity test, a corrected Early Treatment Diabetic Retinopathy Study chart. 17 Best corrected visual acuity was impaired (BCVA 0.50, decimal notation was 20) in three eyes of 3 subjects due to cataract in two eyes and amblyopia in one eye. Mean spherical equivalent (SphE) was calculated using a standard formula (SphE ¼ spherical value þ 0.5 3 cylinder). Mean SphE of the 108 subjects was 0.02 diopters (D) (6SD of 3.8 D; range, À10.7 to 9.6 D). Mean axial eye length (Lenstar; Haag-Streit Diagnostics, Koeniz, Switzerland) was 23.6 mm (6SD of 1.2; range, 20.80-26.39 mm). According to the fundus photographs and OCT scans, none of the included eyes showed retinal pathology in the posterior pole. Volumetric scan data were de-identified before image analysis. The Rotterdam Study has been approved by the Medical Ethics Committee of the Erasmus Medical Center and by the Ministry of Health, Welfare and Sport of The Netherlands, implementing the ''Wet Bevolkingsonderzoek: ERGO (Population Studies Act: Rotterdam Study).'' All participants provided written informed consent to participate in the study and to obtain information from their treating physicians. De-identified volume scans were transferred to the University of Iowa XNAT image database for offline processing. 18 The study adhered to the tenets of the Declaration of Helsinki.
Choroidal Segmentation
We have developed a three-stage segmentation approach. First, to reduce the geometric distortion of the choroid layer caused FIGURE 1. In the standard clinically available SD-OCT scans, retinal layer structures are clear (red arrows), but the posterior choroidal boundary is difficult to distinguish (yellow arrow). At right, the surfaces from top to bottom are internal limiting membrane, the transition between retinal nerve fiber layer and ganglion cell layer, outer boundary of outer plexiform layer, boundary of myoid and ellipsoid of inner segments, and Bruch's membrane. by the position of the OCT scanner's optical axis relative to the subject's optical axis, an angle adjustment approach was applied to the original OCT volume, 19 as shown in Figure 4b . Bruch's membrane (BM) was transformed to a relatively flat surface in the OCT image volume. 20 Second, BM was modeled as a convex arc on each B-scan, and the radius of this convex arc was computed using the average physical size of a human eyeball. 21 A shape-prior-based soft-constraint graph-search method was employed to segment BM by utilizing this arc model 22 (see Fig. 4c ). In the third stage, the choroid layer was identified immediately beneath BM. A sufficiently large subvolume containing the choroid layer was selected as the target region to apply choroidal segmentation. A combined graph-cut-graph-search method was utilized to segment choroidal surfaces (see Fig. 4d ). Intensity contrast was expected to be present around the choroidal posterior boundary, and vertical intensity gradient image was thus used to form the cost functions. To ensure the continuity of the segmented surface, smoothness constraints were adopted between neighboring Ascans. Due to the unequal voxel dimensions in the OCT volume scan (512 voxels in temporal-nasal direction and 128 voxels in superior-inferior direction), anisotropic smoothness constraints were established. More relaxed constraints were applied along the low-resolved direction (superior-inferior), and less relaxed constraints were employed along the highresolved direction (temporal-nasal). The choroidal posterior boundary was subsequently segmented by graph optimization via identifying the minimum s-t cut in the employed geometric graph (see Appendix).
Validation of the Choroidal Segmentation
The central B-scan and a random B-scan were extracted from each volumetric image. An experienced OCT analyst (GHSB) masked to the algorithm output manually segmented the choroidal posterior boundary on all selected B-scans. For each A-scan, the position of the segmented surface was defined as the depth from the top of the volumetric image in voxel domain. The outcome measure was the absolute and relative differences between the positions of the automated and manual segmentation results of the choroidal posterior boundary on two manually marked B-scans for each volumetric image. The relative difference was defined as automated value minus manual value. Bland-Altman plots were used to assess effect size on discrepancy: The relative differences were plotted against the mean position of automatically and manually segmented surfaces. A 95% limit of agreement (LOA) was defined as the average difference 6 1.96 3 standard deviation of the difference, that is, the degree of agreement between automatically and manually segmented choroidal posterior boundaries. As described previously, 23 systematic error (SE) limit and total error (TE) limit were defined. The 95% confidence interval (95% CI) of the relative difference was compared with the predefined SE limit, and the 95% CI of LOA was compared with the predefined TE limit. In order to further test the systematic bias in the automated algorithm, a paired ttest was performed on the difference between the manual and automated segmentation results. To eliminate the possible systematic bias in the proposed method, a 3-fold crossvalidation approach 24 was applied on the results of the proposed method (see Appendix).
Thickness Assessment
The choroidal thickness was calculated for each A-scan, defined as the Euclidian distance between BM and the posterior surface of the choroid. Choroidal thickness maps for the 6-3 6-mm 2 macula-centered region imaged by SS-OCT and SD-OCT scans were then created. The average thicknesses were reported in micrometers, with 95% CI. In addition to the average choroidal thickness for the 6-3 6-mm 2 maculacentered region, the fovea location was automatically detected using the Iowa Reference Algorithm 20 and the subfoveal choroidal thickness was determined.
Reproducibility Assessment of the Choroidal Thickness
For each subject, choroidal thickness was computed from two SS-OCT scans and one SD-OCT scan over the entire 6-3 6-mm 2 macula-centered region. Reproducibility analysis of the choroidal thickness was performed on the repeated SS-OCT scans and between SS-OCT and SD-OCT scans. To evaluate the test-retest reproducibility in repeated SS-OCT images, coefficients of variation (CV) and intraclass correlation coefficients (ICC) of the average choroidal thicknesses from automated and manual segmentation methods were determined using the root mean square (RMS) approach. 25 Similarly, the RMS CV and ICC between the average choroidal thicknesses from two SS-OCT scans and that of SD-OCT thickness were computed as well. To further test the algorithm on those scans with thicker choroids, subjects with subfoveal choroidal thickness greater than 300 lm were selected for the validity analyses, including thickness assessment and reproducibility assessment.
Comparison Between Proposed Method and Previous Method
We have previously reported an automated method for segmenting choroidal vasculature and estimating the posterior boundary of the choroidal vasculature using a Hessian vesselness analysis and thin-plate-spline surface fitting approach in a sequential fashion. In order to compare our new and previous results, we ran our earlier choroidal vasculature-based method on this dataset. The absolute and relative differences were computed between the automated segmentation results of the old method and the manual segmentation results. A paired ttest was then used to compare the absolute and relative differences between the new and old methods. A P value of 0.05 was considered significant.
RESULTS
The agreement between automated and manual segmentations was high. The mean 6 standard deviation of the relative differences for the entire dataset (216 SS-OCT images and 108 SD-OCT images) was À4.2 6 20.5 lm (À1.6 6 7.9 voxels); for the first SS-OCT dataset, the relative difference was À3.9 6 18.7 lm (À1.5 6 7.2 voxels); for the second SS-OCT dataset, the relative difference was À2.6 6 19.5 lm (À1.0 6 7.5 voxels); for the SD-OCT dataset, the relative difference was 6.2 6 22.6 lm (À2.4 6 8.7 voxels).
As shown in the Bland-Altman plots (Fig. 5) , the difference between automated and manual results (automated result minus manual result) is relatively small; approximately 95% of the difference values are located within the LOA. The 95% LOA for the entire dataset (216 SS-OCT images and 108 SD-OCT images) was [À17.0 lm, 13.8 lm]; for the first SS-OCT dataset, the 95% LOA was [À15.7 lm, 12.6 lm]; for the second SS-OCT dataset, the 95% LOA was [À15.7 lm, 13.8 lm]; for the SD-OCT dataset, the 95% LOA was [À19.5 lm, 14.8 lm].
The mean 6 standard deviation of absolute differences for the entire dataset (216 SS-OCT images and 108 SD-OCT images) was 13.8 6 15.6 lm (5.3 6 6.0 voxels); for the first SS-OCT dataset, the absolute difference was 12.6 6 14.4 lm (4.9 6 5.5 voxels); for the second SS-OCT dataset, the absolute difference was 12.3 6 15.4 lm (4.7 6 5.9 voxels); for the SD-OCT dataset, the absolute difference was 16.6 6 16.6 lm (6.4 6 6.4 voxels).
The mean difference between automated and manual segmentations was significantly smaller than a predefined SE of 3% of average thickness, and the 95% LOAs were significantly smaller than a predefined TE of 10% of average thickness. 23 For the SD-OCT dataset, the mean difference between automated and manual segmentation was significantly less than the SE, but 95% LOA approached the TE with no significant difference (see Fig. 5 ).
According to the results of paired t-test between the manual and automated segmentations, a systematic bias was found in our proposed method (mean difference was À4.2 lm, P < 0.01). As shown in Figure 5 , the systematic bias was small and did not exceed the predefined SE limit. A 3-fold cross-validation approach 24 was then applied on the results of the proposed method. Paired t-test was performed again on the adjusted automated results and manual segmentation results and the bias was eliminated (P ¼ 0.72).
For the 6-3 6-mm 2 macula-centered region imaged by SS-OCT, average choroidal thickness was 219.5 lm (95% CI, 204.9-234.2 lm); and for SD-OCT it was 209.5 lm (95% CI, 197.9-221.0 lm), corresponding to subfoveal choroidal thicknesses on SS-OCT of 246.7 6 97.9 lm (max was 457.6 lm; min was 83.2 lm) and on SD-OCT of 229.7 6 82.1 lm; (max was 429.0 lm; min was 85.8 lm).
The RMS CV of the automatically determined average choroidal thickness of repeated SS-OCT scans was 3.3% (95% CI, 2.2%-4.1%) with an ICC of 0.98 (P < 0.001); see Figure 6a . The reproducibility between the manual segmentation of repeated SS-OCT scans showed an RMS CV of 3.8% (95% CI, 3.2%-4.4%) and ICC of 0.96 (P < 0.001) (see Fig. 6b ). The automated method was not significantly better than the manual expert (P ¼ 0.28). The RMS CV between automatically determined average choroidal thickness of two SS-OCT scans and one SD-OCT scan was 11.0% (95% CI, 8.0%-13.3%) with an ICC of 0.73 (P < 0.001) (see Fig. 7a ). The RMS CV between the manually determined average choroidal thickness of two SS-OCT scans and that of one SD-OCT scan was 9.1% (95% CI, 7.7%-10.3%) with an ICC of 0.75 (P < 0.001) (see Fig. 7b) ; however, these differences between automated and manual segmentation CVs were not significant (P ¼ 0.24).
Thirty-six subjects (72 SS-OCT scans and 36 SD-OCT scans) with subfoveal choroidal thickness greater than 300 lm were selected for the validity analyses. The average subfoveal choroidal thickness on SS-OCT in this subset was 363.8 lm (95% CI, 352.6-374.4 lm); it was 301.4 lm (95% CI, 274.1-328.7 lm) on SD-OCT. The average choroidal thickness over the entire 6-3 6-mm 2 macula-centered region imaged by SS-OCT in this subset was 305.8 lm (95% CI, 292.7-318.8 lm), and on SD-OCT it was 259.5 lm (95% CI, 239.0-279.7 lm). The RMS CV of the automatically determined average choroidal thickness of repeated SS-OCT scans with thick choroid was 3.4% (95% CI, 0.3%-4.7%) with an ICC of 0.93 (P < 0.001), The RMS CV between automatically determined average choroidal thickness of two SS-OCT scans and one SD-OCT scan with thick choroid was 16.4% (95% CI, 10.5%-20.7%) with an ICC of 0.18 (P ¼ 0.1). The difference in CV between thinner and thicker choroids was not significant (P > 0.05).
For the old choroidal vasculature-based method, the mean 6 standard deviation of the relative difference was À23.5 6 34.4 lm (À9.0 6 13.2 voxels) and the mean 6 standard deviation of absolute difference was 33.4 6 24.9 lm (12.8 6 9.6 voxels)-for the entire dataset (216 SS-OCT images and 108 SD-OCT images). The proposed graph-based method in the current study outperformed the previous vasculature-based method (P < 0.001). 
DISCUSSION
The results of this study show the validity of a fully automated 3D method capable of segmenting the entire choroid and quantifying choroidal thickness of the macula in both SS-OCT and SD-OCT images of the same subjects, without a preceding vasculature segmentation step. Choroidal thickness can now be measured for each A-scan.
In the SS-OCT volumes, the volumetric data have sufficient image quality and high intensity contrast in the choroid region that our method successfully identifies the choroid borders in all SS-OCT scans accurately. In SD-OCT volumes, the intensity contrast is relatively lower, due to the increased backscattering of the retinal nerve fiber layer and RPE layer, caused by the shorter 840-nm wavelength used in these scanners. Sweptsource OCT scanners use light with central wavelength of 1060 nm, providing enough intensity contrast and choroidal border information. As shown in Figure 8 , the choroidal posterior boundaries are less well visualized in these types of SD-OCT scans. Despite the relative insufficiency of the choroidal border information in SD-OCT images, the agreement between automated and manual segmentations was still good.
The results of layer thickness assessment show that the average choroidal thickness obtained from SS-OCT scans is 219.5 lm (95% CI, 204.9-234.2 lm) and average choroidal thickness obtained from SD-OCT scans is 209.5 lm (95% CI, 197.9-221.0 lm), corresponding to subfoveal choroidal thicknesses on SS-OCT of 246.7 lm (max is 457.6 lm; min is 83.2 lm) and on SD-OCT of 229.7 lm (max is 429.0 lm; min is 85.8 lm). These thicknesses are comparable to the choroidal thickness reported by other studies. [26] [27] [28] In reproducibility analysis of the choroidal thickness, the proposed method shows outstanding reproducibility in SS-OCT: RMS CV is 3.3% (95% CI, 2.2%-4.1%) along with an ICC of 0.98. Meanwhile, the proposed method shows good reproducibility between SS-OCT and SD-OCT: RMS CV is 11.0% (95% CI, 8.0%-13.3%) along with an ICC of 0.73 (P < 0.001). However, for a subset of thicker choroids, the proposed method performed significantly better (P < 0.001) on SS-OCT than on SD-OCT.
The present graph-based method also outperforms (P < 0.001) the earlier vasculature-based method in reproducibility. 9 In the earlier vessel-based method, approximately 50% of the SD-OCT scans were successfully segmented; the other half of the SD-OCT scans were automatically detected as lacking choroidal vessel information. 9 Similar issues occur in the SD-OCT set of this new study. Inconsistency of the choroidal thickness is discovered in the correlation analysis between SS-OCT and SD-OCT. The correlation from automatically segmented choroid is shown by the R 2 of 0.57 with CV of 10.9%, and that from manually segmented choroid is shown by the R 2 of 0.61 with CV of 9.1% (no significant difference between choroidal thicknesses from manually and automatically segmentations, P ¼ 0.24); see Figure 7 . In the correlation analysis between automatically determined choroidal thicknesses of SS-OCT and SD-OCT images, some segmentations show a relatively large distance to the identity line, as shown in the region outlined with red solid segments in Figure 9 . If we remove these problematic scans from analysis (20 out of 108 SD-OCT scans), the remaining scans show a reasonably good CV and ICC: For automatically segmented choroid, CV is 5.4% and ICC is 0.96 (P < 0.001); for manually segmented choroid, CV is 8.1% and ICC is 0.83 (P < 0.001). Thus, we may conclude that these 20 out of 108 SD-OCT scans do not have enough intensity contrast around the choroidal-scleral interface for automated or manual segmentations.
In summary, the present method shows outstanding performance for segmenting choroid in all SS-OCT scans and good performance for segmenting choroid in more than 80% of SD-OCT scans (88 out of 108 scans). For the other 20 out of 108 SD-OCT scans, the automated method agrees highly with manual method, but the real accuracy of the segmentation results may be problematic. In this sense, SS-OCT imaging at 1060 nm is better for automated (and manual analysis) than SD-OCT imaging at 840 nm.
Recently, other groups have reported evaluations of semiautomated or automated segmentation of the choroid. These studies used surface fitting, surface smoothing, or postprocessing steps for identifying the choroidal borders. However, such approaches can produce only an approximate segmentation of choroid and deliver approximations of the overall average choroidal thickness. To the best of our knowledge, the method we report here is the first fully 3D automated method capable of accurately identifying the local thickness of the choroid for each A-scan. Figure 10 shows choroidal thickness maps and difference maps for one subject, demonstrating high reproducibility of choroidal thickness across OCT analyses of the same subject.
There are several limitations to this study. First, due to the large dataset, only two B-scans-the central B-scan and a random B-scan-were selected from each volumetric image for manually identifying the choroidal posterior boundaries. As shown in the method details (see Appendix), the proposed graph-based method treats every B-scan evenly and the location of the random B-scans should represent all nonfoveal regions around macula across the entire dataset. Furthermore, the tests of RMS CV and ICC were performed on the entire 6-by 6-mm 2 macula-centered region. In a future study, we plan to evaluate all the B-scans if the manual segmentation is available for the entire macula-centered region. Second, the selected subjects were relatively old adults and did not have diseases such as central serous retinopathy (known to result in a thickened choroid). The presented method should also be evaluated in younger persons and persons with choroidal abnormalities. Such studies are currently being pursued. Third, all scans were scanned in horizontal (temporal-nasal) B-line mode. Each volumetric image had dimensions of 512 voxels temporalnasally and 128 voxels superior-inferiorly. This required us to use anisotropic smoothness constraints as more relaxed constraints on superior-inferior direction and less relaxed constraints on temporal-nasal direction. Fourth, systematic differences were discovered between manual measurements and automated or semiautomated measurements when segmenting the choroidal posterior boundary. 14 In summary, we have developed a fully automated 3D method for segmenting choroid layer and quantifying choroidal thickness in SS-OCT and SD-OCT volumetric data. The method yielded highly accurate segmentation results in SS-OCT and relatively good segmentation results in SD-OCT compared to a human expert. This is the first fully 3D automated method capable of accurately identifying the local thickness of the choroid in each A-scan. Potentially, our method may enhance the understanding of regional choroid changes and improve the diagnosis and management of patients with diseases in which the choroid is affected. The absolute difference ratio is computed as the result of the absolute difference along each A-scan divided by the average thickness between the thicknesses. The absolute difference ratio map between SS-OCT and SD-OCT images shows relatively larger difference than the absolute difference ratio map for repeated SS-OCT images.
APPENDIX Combined Graph-Cut-Graph-Search Method for Segmenting Posterior Boundary of Choroid
The choroid layer was identified immediately beneath Bruch's membrane. A sufficiently large subvolume containing the choroid layer was selected as the target region to apply choroidal segmentation. As described for the previous vasculature-based method, 9 we applied multiscale Hessian matrix analysis on the selected subvolume. Three-dimensional vesselness map of the choroidal vasculature was then calculated. Probability values between 0 and 255 represented different vesselness of the choroidal vasculature. This vesselness contributed to the in-region cost in the graph-based method rather than a segmentation of the choroidal posterior boundary. Cost functions and graph representations were designed accordingly.
Cost Functions
One on-surface cost was defined for the transitions from choroid to sclera. Due to the difference of the density between choroidal vasculature and sclera, the overall intensity of choroidal vasculature is lower than that of sclera. We introduced a dark-to-bright intensity gradient as for the surface between choroid and sclera. The on-surface cost formed one energy term in the cost function: X f cÀs ðx; y; zÞ. In-regions cost was defined as the region intensity difference inside and outside the vessel region of choroidal vasculature, forming the in-region energy term as 
Graph Representation
The main idea for solving the energy optimization problem was to reduce it to a maximum-flow minimum cut-graph problem. A graph G ¼ (V, E) as the collection of vertices V and arcs E was constructed for representing the problem. The specific constructions were described as follows:
Surface-Specified Subgraphs. Similar to the configuration reported previously, 29 node costs were assigned according to the intensity values from the original OCT image. For each surface, a directed subgraph as a part of the entire graph G was constructed to present a nonempty closed set. An optimal surface segmentation problem can be converted to solving a minimum closed set problem in this directed subgraph.
Object-Specified Subgraphs. As discussed previously, 30, 31 object and background nodes were predetermined by the detection of the choroidal vasculature. For the region term, tlinks are assigned between terminals (source s, sink t) and vertices. The capacities of t-links were defined using the likelihood of whether the vertex was in object set. For the boundary term, n-links were assigned between neighboring vertices to represent whether these neighboring vertices should be in the same set (source set or sink set). Multiobject Interactions. As shown previously, 32 certain maximum and minimum distances were considered as the prior knowledge of the relative position among multiple surfaces and objects. Intersubgraph arcs were introduced at the interacting areas to represent the maximum and minimum distances between adjacent structures.
3-Fold Cross Validation
In this study, systematic differences between the automated and manual segmentation results were tested using a paired ttest (P < 0.01). To eliminate the systematic bias in the proposed method, a 3-fold cross-validation approach was applied to the results of the proposed method. The original dataset (108 subjects) was randomly partitioned into three independent groups (folds): groups A, B, and C. Each group contained 36 subjects.
To adjust the segmentation results of group A, we first computed the average relative difference between automated and manual segmentation results in groups B and C. We used this average relative difference as the trained systematic bias, which was independent from group A. All automated segmentation results in group A were then adjusted by subtracting this independently trained systematic bias from groups B and C.
Similarly, to adjust segmentation results for group B, we used the trained systematic bias from groups A and C. To adjust segmentation results for group C, we used the trained systematic bias from groups A and B.
The adjusted automated segmentation results showed no significant differences when compared with manual segmentation results (P ¼ 0.72).
